Abstract. The ability of Al-Si alloys to be cast into complex shapes, coupled with a favourable strength-to-weight ratio, has given them an advantage in the automotive industry. To further improve casting quality, many have turned to semi-solids, where alloys exhibit flow properties that stem from the material's dual liquid-solid nature and globular microstructure. The SEED (Swirled Enthalpy Equilibration Device) process is a novel rheocasting technology yielding a semi-solid slurry from the mechanical agitation (swirling) and cooling of molten aluminum. In the current work, a SEED processed 357-T6 alloy displayed typical yield and ultimate tensile strength values of 210-250 and 300-320 MPa, respectively. Furthermore, the average elongation observed was 12-17%.
Introduction
Aluminum-silicon alloys have been put into practice in the automotive industry, by virtue of being low in density, while maintaining adequate strength [1] , with particular attention being paid to the 357 alloy. Given this, the authors chose to utilize this material as a reference point in an ongoing effort to study and improve the SEED process. The SEED process, as developed by Rio Tinto Alcan in collaboration with the Aluminum Technology Centre of NRC Canada (NRC-ATC), is a rheocasting method designed to permit semi-solid casting on site, which is the primary advantage to thixocasting. Coupled with the added savings in transportation and handling of thixocast billets, rheocasting processes such as SEED can increase part production. Moreover, the semi-solid billet is immediately fed into a mold/press. In this study, a 357 SEED-cast semi-solid alloy was subjected to T6 heat treatments where either the solutionizing or aging stage was varied. In this way, the authors observed the effects of strengthening, primarily attributed to the Mg 2 Si phase, with favourable levels of ductility.
Experimental Procedure
The 357 alloy (7±0.1wt%Si, ≤0.10wt%Fe, 0.59±0.03wt%Mg, 0.09±0.01wt%Ti, 0.0025±0.0005wt%Sr and Al balance) was cast into wedge shape plates at NRC-ATC using SEED and a high pressure die-cast press (Figure 1). These plates were then T6 heat-treated (Table 1) , and, from these, round bar ASTM E8M tensile samples were machined along the plate widths. Testing was carried out using a 50 kN capacity MTS servohydraulic tensile tester, with 10-15 samples tested per heat treatment. Solution treating at 535°-540°C and artificially aging at 160°-170°C greatly encourages the formation of the Mg 2 Si hardening phase [3] [4] [5] . With an increase in strength, however, comes a decrease in ductility. Lower aging temperatures and times are sometimes used to improve ductility [6] [7] [8] [9] . An increase in elongation was furthermore observed with a reduction in quench temperature, along with a natural aging step in between quenching and artificial aging [10] [11] [12] . It is seen from Figure 2 that the YS and UTS increase as the solution temperature and, more importantly, aging temperature increase. Given that the Mg 2 Si hardening precipitates are formed during aging, yet sufficient dissolution of Mg and Si is required prior to this, then it is important to have a proper balance between the solution treatment, quench and aging steps. The increase in YS is sharp from HT1 to HT2, gradual from HT2 to HT5 and sharp again from HT5 to HT7, whereas the increase in UTS is more gradual throughout. Simultaneously, the alloy maintains a favourable level of %El from HT1 to HT7. The decrease in %El is sharp from HT1 to HT2, and gradual from HT2 to HT7. At HT7, the alloy exhibits a maximum average YS and UTS of 300 and 355 MPa, respectively, with an associated average %El of 11.5%.
Light Metals Technology V
As the highest value of UTS (and lowest value of %El) occurs at HT7, it can be assumed that an aging temperature of 170°C falls either at, or just before, the point of peak aging. Therefore, all aging temperatures from HT1 to HT6 fall in the underaging region. Sharp increases in strength (e.g. HT1 to HT2 and HT5 to HT7) occur when there is a change in the aging temperature (the aging time was fixed at 6 hours), whereas for the gradual increase in strength from HT2 to HT5, there are only changes in solution treatment, rather than aging. Therefore a 10° change in aging temperature brings about a greater increase in YS and UTS than either a change in solution temperature or time.
A full summary of observations is given in Table 2 . 
Conclusions
In this work, a SEED-processed 357 alloy was shown to exhibit a fully globular microstructure, with a maximum average YS and UTS of 300 and 355 MPa, respectively. Although elongation decreased as strength increased, typical %El values fell in the range of 12-17%. Moreover, the average UTS increased by 25% from 280 MPa (HT1) to 350 MPa (HT7), and the average YS is nearly doubled from 170 MPa (HT1) to 300 MPa (HT7). 
